c-Phycocyanin and allophycocyanin were separated and purified from Spirulina platensis by precipitation with ammonium sulphate, ion exchange chromatography and gel filtration chromatography. Pure c-phycocyanin and allophycocyanin were finally obtained with an A 620 /A 280 value of 5.06 and an A 655 /A 280 value of 5.34, respectively.
Introduction
Phycobiliproteins are the major photosynthetic accessory pigments in certain microalgae (Bogoarad 1975) . They are not only used as nutrient ingredients and natural dyes for food and cosmetics but also used as potential pharmaceuticals and as fluorescent markers in biomedical research (Belay et al. 1993 , Borowitzka 1994 , Glazer 1994 . The cyanobacterium Spirulina platensis is an important source of phycobiliproteins, particularly c-phycocyanin and allophycocyanin (Boussiba & Richmond 1979) .
Although several methods have been developed for the separation and purification of these phycocyanins from microalgae (Boussiba & Richmond 1979 , Hilditch et al. 1991 , Tchernov et al. 1999 , the purity is relatively low. It is therefore desirable to develop a simple, but more efficient method for the separation and purification of c-phycocyanin and allophycocyanin from microalgae with a high purity. In this paper, we report a simple method for the efficient separation and purification of c-phycocyanin and allophycocyanin from Spirulina platensis, which involves fraction precipitation with ammonium sulphate, ion exchange chromatography on a DEAE-Sepharose CL-6B column and gel filtration chromatography on a Sephadex G-100 column.
Materials and methods

Organism and culture conditions
Spirulina platensis UTEX 1926 was grown on Zarouk medium (Chen et al. 1996) supplemented with 2 g glucose/l, which was sterilized at 121 • C for 15 min before use. The initial pH value was adjusted to 9.5. Cells were grown at 30 • C in batch culture in a 3.7 l fermenter (Bioengineering AG, Switzerland) containing 2.5 l medium (Chen & Zhang 1997) . The culture was agitated at 300 rpm. Sterile air was supplied to culture at 100 ml h −1 . Continuous illumination was provided by fluorescent lamps and the light intensity on the surface of the fermenter vessel was 80 µEm −2 s −1 . The cells were harvested after 8 days of cultivation by centrifugation at 3000 g for 10 min.
Extraction of crude phycocyanins
Approximately 20 g (wet wt) of the cell pellet washed thoroughly with distilled water twice was suspended in 200 ml of 0.05 M Na-phosphate buffer (pH 7.0). The suspension was frozen (at −20 • C) and thawed repeatedly for 1 h and then treated further by sonication for 3 min. The mixture was subsequently centrifuged at 10000 g for 30 min, and a phycocyanin-containing clear blue supernatant was collected. 
Materials and chemicals
DEAE-Sepharose CL-6B and Sephadex G-100 were obtained from Pharmacia (Sweden), and the dialyser and all chemicals were purchased from Sigma (USA).
Separation and purification of phycocyanins
The blue supernatant was fractionated with ammonium sulphate at 30%, 50% and 60% (w/v). The precipitate from the 30% (w/v) ammonium sulphate was discarded. The precipitates from the 50% and 65% (w/v) ammonium sulphate solutions contained mainly c-phycocyanin and allophycocyanin, respectively, which were dissolved respectively in a small volume of 0.05 M Na-phosphate buffer (pH 7.0) and dialyzed against the same buffer. The dialyzed samples of c-phycocyanin and allophycocyanin were chromatographed respectively on a DEAE-Sepharose CL-6B column (2.5×15 cm). The c-phycocyanincontaining sample was eluted with NaCl solution of a linear increasing ionic concentration (0-0.25 M, 2 × 100 ml) at 1 ml min −1 . The allophycocyanincontaining sample was subjected to a stepwise elution with 0.25 M and 0.30 M NaCl solutions at 1 ml min −1 . Both fractions were purified further and desalted on a Sephadex G-100 column (1.5 × 40 cm) with 0.002 M Na-phosphate buffer (pH 7.0) at 0.5 ml min −1 . The fractions were collected using a 1 ml glass tube.
Spectroscopic measurements
All visible and UV spectra of phycocyanin samples were measured on a GENESYS 5 split-beam spectrophotometer (Milton Roy, USA). The maximum absorption wavelengths for c-phycocyanin and allophycocyanin were 620 nm and 655 nm, respectively (Boussiba & Richmond 1979) . The purity was evaluated according to the absorbance ratios (A 620 /A 280 for c-phycocyanin and A 655 /A 280 for allophycocyanin) (Boussiba & Richmond 1979) . & Richmond (1979) and Du & Fu (1994) respectively used 50% and 30% (w/v) ammonium sulphate solutions to precipitate phycocyanins. In this study, a three-step precipitation procedure using three concentrations of ammonium sulphate (i.e., 30%, 50% and 65% (w/v)) was developed. The precipitate obtained from each step was identified using absorption spectral scanning. The 30% (w/v) ammonium sulphate solution was used to precipitate other proteins whereas the 50% and 65% (w/v) ammonium sulphate solutions were used to obtain respectively c-phycocyanin and allophycocyanin. In comparison with previous work (Boussiba & Richmond 1979 , Du & Fu 1994 , Tchernov et al. 1999 , this method offered improved separation of c-phycocyanin, allophycocyanin and other proteins.
Results and discussion
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